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ABSTRACT 
Jeffrey Michael Parker: CBCT uses in Clinical Endodontics 
Part 1: Effect of CBCT on the Ability to Locate MB2 in Maxillary Molars; Part 2: Observer 
Effects in Detecting Periapical Radiolucencies  
(Under the direction of Peter Tawil) 
 
 CBCT should be considered the imaging modality of choice for initial endodontic 
treatment of teeth with the potential for extra canals and suspected complex morphology.  RCT 
of maxillary molars often falls into this category due to their complex anatomy and likely MB2 
canal that is present.  It has been shown that CBCT can be used to locate missed canals, but there 
are no in vivo studies demonstrating this.  The other issue with CBCT is the accuracy of 
interpreting the volumes.  There are often false positive and false negative readings, which 
impacts the treatment planning.  In part 1, the dental operating microscope with troughing is as 
effective in locating MB2 canals as compared to CBCT imaging.  In part 2, endodontic faculty 
had higher agreement with the “gold standard” compared to endodontic residents and dental 
students, and endodontic faculty had the highest intra-rater reliability, followed by endodontic 
residents, and then DDS students.
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THESIS INTRODUCTION
  
 In 1998 a new volumetric computed tomography (CT) machine was introduced using 
cone beam technology (1).  While this technology was originally used for implant treatment 
planning, its applications in endodontics quickly became apparent.  Cone beam computed 
tomography (CBCT) has been more frequently used in endodontic practices as awareness of the 
technology increased and the cost of the equipment decreased.  The American Association of 
Endodontists (AAE) released a position statement in 2015 on CBCT stating that limited field of 
view CBCT should be considered the imaging modality of choice for initial endodontic treatment 
of teeth with the potential for extra canals and suspected complex morphology (2).  CBCT has 
been advocated to be used for the location of missed canals (3), (4), (5) and in aiding in the 
determination of MB2 in vitro.  Locating and treating all canals during root canal treatment has 
been shown to be an important aspect of overall success.  A common failure in endodontic 
treatment of the permanent maxillary first molars is likely to be caused by an inability to locate, 
clean, and fill the MB2 canal (6).  It is also important to understand the anatomy of maxillary 
molars to successfully treat these teeth (7).  
 CBCT imaging is accomplished by using a rotating gantry to which an x-ray source and 
detector are fixed.  A divergent pyramidal or cone-shaped source of ionizing radiation is directed 
through the middle of the area of interest onto an area x-ray detector on the opposite side. The x-
ray source and detector rotate around a rotation fulcrum fixed within the center of the region of 
interest.  During the rotation, multiple sequential planar projection images of the field of view 
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(FOV) are acquired in a complete, or sometimes partial, arc of at least 180° (8).  This procedure 
varies from a traditional medical CT, which uses a fan-shaped x-ray beam in a helical 
progression to acquire individual image slices of the FOV and then stacks the slices to obtain a 
three-dimensional representation.  Each slice requires a separate scan and separate two-
dimensional reconstruction.  Several advantages of CBCT are a shorter examination time, 
reduced image distortion due to internal patient movements, and increased x-ray tube efficiency 
(9).   
 Recent studies have shown success rates of root canal therapy (RCT) evaluated by CBCT 
to be significantly lower than those teeth evaluated with two-dimensional radiography.  There 
was a fourteen times increase in failure rate when teeth with no pre-operative periapical 
radiolucencies were assessed with CBCT compared to periapical radiographs at one year (10).   
Symptomatic teeth scanned with CBCT showed periapical lesions 14% of the time compared to 
periapical radiographs which showed periapical lesions 3% of the time (11).  In addition, CBCT 
revealed a higher prevalence of periapical radiolucencies in teeth diagnosed with non-vital pulps 
compared to two dimensional imaging (12).  Although this technology has been shown to 
provide more clinically relevant information than periapical radiographs (13), care should be 
taken to avoid misinterpretation as artifact formation may lead to inaccurate misinterpretation of 
CBCT images (14).   
 In this thesis, a small field of view CBCT was used to maximize resolution and to keep 
radiation as low as reasonably achievable (ALARA) (15).  ALARA is a radiation 
safety principle for minimizing radiation doses by employing all reasonable methods as radiation 
exposure is often a concern for patients.  In describing the radiation risks to patients that are 
attributed to CBCT imaging, it can be helpful to compare effective dose to radiographic exams 
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that are common in dentistry.  A CBCT volume taken with the Carestream 9000 of the right 
posterior maxilla is equivalent to one day of background radiation (9.8 µSv) and a periapical 
radiograph is equivalent to .6 days of background radiation (16). 
 Overall, fifteen limited field of view CBCT volumes were made for part 1 of this thesis 
and an additional eight CBCT volumes were made for part 2, for a total of 23 CBCT volumes.  
This two-part thesis overlapped as the CBCT volumes from part 1 were used in part 2.  The 
information from part 1 determined the effectiveness of these CBCT volumes and provided some 
knowledge as to whether three-dimensional imaging may lead to locating and treating more MB2 
canals compared to the traditional method of access with a microscope.  The information 
obtained from CBCT is only valuable if the clinician is able to accurately and reliably interpret 
the imaging.  In part 2, clinicians of varying levels were compared to the “gold standard” of 
experienced dental radiologists to see how accurately they interpreted the CBCT volumes for the 
presence or absence of a periapical radiolucency.  By having two separate viewing times, with a 
washout period in between, the intra-rater reliability was assessed to see how consistent 
clinicians were in determining if a periapical radiolucency was present at the root apices.  The 
accuracy and consistency of interpreting periapical radiolucencies may lead clinicians to 
question if they are interpreting CBCT volumes appropriately, and if they are providing the 
correct diagnosis and etiology to the patient, such as a missed MB2 canal in a maxillary molar. 
 In this prospective clinical research study, the purpose is two-fold: to determine if a 
CBCT volume aided in the location of MB2 canals in maxillary molars and to determine the 
effect that the experience level had on the ability to accurately detect periapical radiolucencies in 
CBCT volumes.  Many clinicians are using CBCT for location of additional canals and to 
identify periapical radiolucencies.  While CBCT provides helpful information, it is dependent 
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upon the knowledge of the clinician to interpret CBCT volumes to have the best outcome for the 
patient.  In addition, clinicians may not be on the same level as a dental radiologist in meeting 
the “standard of care” in interpreting these volumes.  Inaccurate interpretations and inconsistency 
among CBCT readers may ultimately harm the patient by having faulty conclusions of a disease 
that is present or absent.   
 In this thesis, the hypotheses were as follows: CBCT volumes will aid in locating MB2 
canals in maxillary molars and experience will lead to better agreement with the “gold standard.”  
The null hypotheses were as follows: CBCT volumes will not aid in locating MB2 canals in 
maxillary molars and experience will not lead to better agreement with the “gold standard.”
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MANUSCRIPT 1: THE EFFECT OF CBCT ON THE ABILITY TO LOCATE MB2 IN 
MAXILLARY MOLARS 
Introduction 
 
 The significance of MB2 was first recognized in 1969 when Weine found a large number 
of second canals in the mesial buccal root of sectioned maxillary first molars that was done in 
vitro (17).  Weine also stated that the MB and MB2 canals either generally join 1-4 mm from the 
apex and have a common foramina or remain separate and exit through two foramen.  Vertucci 
showed maxillary first molars have an incidence of MB2 canals 55% of the time and maxillary 
second molars have an incidence of MB2 canals 29% of the time in vitro (18).  With the use of 
the dental operating microscope, locating MB2 in maxillary molars in a clinical simulation was 
82% in vitro (19),  71% in vivo (20), and 93% with experienced clinicians (21).  It has been 
shown in vitro by root sectioning that a separate orifice on the pulpal floor was present 96% of 
the time, however the canal may only be negotiated 80% of the time (22).  Factors affecting 
negotiation could be debris, pulp stones, calcifications, and anatomical variations (23).  The use 
of CBCT in detecting the existence or absence of MB2 has been shown to be 79% and CBCT has 
been suggested to be as reliable as the sectioning of teeth (3).  The purpose of this study was to 
determine if a CBCT volume aided in the location of MB2 canals in maxillary molars done in a 
graduate university based endodontic clinic.   
 
Materials and Methods  
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 IRB approval was obtained at the University of North Carolina at Chapel Hill (14-0608).  
The Global G6 dental operating microscope (Global Surgical Corporation, St. Louis, MO, USA) 
was used by endodontic residents to complete the root canal treatment in this study.  The 
importance and advantages of using magnification during root canal treatment has been 
described in the literature (19).  The same Carestream 9000 CBCT (Carestream Dental, 
Rochester, NY, USA) small volume was used for all of the scans.  All endodontic residents had 
previous training on CBCT through a required dental radiology course for their master’s studies.  
The inclusion criteria for this study were a patient in need of root canal treatment on a maxillary 
first or second molar over the age of 18, with an ASA classification of I or II.  The exclusion 
criteria were a patient under the age of 18, an ASA classification of III or higher, or pregnant.   
 Fifty maxillary first and second molars needing RCT were included in this study and 
randomly assigned to residents by the clinic front desk.  There were no controls in this study.  In 
order to make a pre-operative diagnosis to determine the need for root canal treatment, all 
appropriate clinical testing was performed and the diagnosis was made according to the AAE 
guidelines for diagnostic definitions.  Written consent was obtained from all patients to 
participate in this study.  All teeth were accessed using a #2 and #4 carbide round bur (Braessler 
USA, Savannah, GA, USA), a #169L bur (Miltex Inc., York, PA, USA), and a pulp shaper bur 
(Dentsply, York, PA, USA).  After the access was completed, the clinician determined if MB2 
was located or not.  Clinical location of MB2 was recorded if the clinician was able to visualize 
the orifice of the canal and obtain a stick with a six, eight, or ten size C-file (Dentsply 
International Inc., Johnson City, TN, USA).  The teeth where the MB2 was located received 
routine endodontic treatment using NiTi rotary instrumentation, whereas the teeth in which MB2 
was not located had a CBCT volume made after instrumenting the located canals and placing a 
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paste of calcium hydroxide powder (Sultan Healthcare Inc., Hackensack, NJ, USA) mixed with 
saline as an intracanal medicament between appointments.  This paste was placed in the canals 
with a lentulo spiral (Dentsply International Inc., Johnson City, TN, USA).  The tooth was 
temporized with gas sterilized yellow teflon tape (LA-CO Industries Inc., Elk Grove Village, IL, 
USA) as a space preserver and IRM (Dentsply Caulk, Milford, DE USA).  The CBCT volume 
was interpreted by the same clinician that accessed the tooth who then deemed radiographic 
CBCT MB2 as present or not present.  Figure 1 shows an example of the CBCT volume 
revealing a missed MB2 canal.  At the second appointment Munce discovery burs (CJM 
Engineering Inc., Santa Barbara, CA, USA) were used for selective troughing along the pulpal 
floor in the location seen on the CBCT volume in search of MB2.  After troughing below the 
pulpal floor MB2 was deemed as located or not located within 0-2 mm or > 2 mm of depth 
(troughing).  Figure 2 shows the mesial/palatal location of MB2 that is typically present and the 
root canal fill of the MB2 canal.  All subjects had the RCT completed in two visits.  Upon 
completion of the root canal treatment, a core build-up was placed to restore the access and the 
patient was instructed to have a full coverage restoration placed within sixty days.   
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Figure 1: CBCT volume showing an untreated MB2 canal (red arrows), which was 
subsequently instrumented at the second appointment. 
Figure 2: Location and root canal fill of MB2 canal located slightly mesial and palatal to 
the MB orifice. (A) Pre-op photo (B) Location of MB2 (C) Instrumentation of MB2 (D) 
Root canal fill of MB2. 
 
A B 
C D 
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Statistical Analysis 
 
 McNemar’s test was used to determine the effectiveness of using CBCT to locate MB2 
canals in maxillary molars.  The level of significance was established at p < .05.    
 
Results 
 
 Table 1 shows the McNemar’s test comparing locating MB2 canals with CBCT and 
troughing. This yielded a p value of .26, which is not statistically significant.  There was not a 
statistically significant discordance between CBCT and access in the identification of MB2.  
Table 2 provides the distribution of the fifty teeth in this study in terms of maxillary first or 
second molars.  It also shows the MB2 canals located in each group.  It is likely MB2 was not 
present in some of the fifty maxillary molars, and the clinicians may have located all of the 
possible MB2 canals that were present.  Overall, 90% of maxillary first molar and 73% of 
maxillary second molar MB2 canals were located in these fifty teeth. 
TABLE 1: MCNEMAR’S TEST 
MB2 seen on CBCT MB2 Located After Access Total 
Yes No 
Yes 5 0 5 
No 3 7 10 
Total  8 7 15 
 
P=.26 (not significant, p > .05) 
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TABLE 2: FREQUENCY OF MB2 CANALS LOCATED 
Maxillary 
tooth type 
 (n) 
Microscope 
without 
troughing 
Visualized on CBCT 
and found with 
troughing <2 mm 
Not visualized on 
CBCT yet found with 
troughing >2mm 
Total 
located 
First molars 
39 
28  
(72%) 
4  
(10%) 
3  
(8%) 
35/39 
(90%) 
Second 
molars  
11 
7  
(64%) 
1  
(9%) 
0  
(0%) 
 8/11 
(73%) 
 
Discussion 
 
 Although CBCT imaging has been shown to be effective in multiple areas of endodontic 
treatment (24), in this clinical study the use of the dental operating microscope and troughing 
appears to be as beneficial in locating MB2 canals as CBCT imaging.  Clinical troughing ex vivo 
has been shown to locate 87% of MB2 canals in maxillary molars (25).  In all five teeth where 
MB2 was seen on the CBCT volume, MB2 was located clinically with troughing less than 2 mm.  
Due to the study design and the IRB process, we were unable to have one group without CBCT 
and one group with CBCT.  Future studies should be directed to compare a CBCT group to a 
group without CBCT to see if there is value in locating MB2 canals with CBCT.  The IRB 
approval for this specific study should now be more acceptable than it was two and a half years 
ago due the release of the AAE position statement in 2015 stating that limited field of view 
CBCT should be considered the imaging modality of choice for initial endodontic treatment of 
teeth with the potential for extra canals and suspected complex morphology (2).  This future 
study could also determine if CBCT could help the clinician to be more conservative in locating 
MB2, following the concept of minimally invasive endodontics.  In this study, it is likely that the 
clinicians would have located the MB2 canals in these five teeth without the CBCT knowledge 
as the MB2 canals were located with minimal troughing depth.  There were also three teeth 
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where MB2 was not visualized on the CBCT volume, but MB2 was located clinically after 
troughing greater than 2 mm.  By viewing the CBCT volume in the sagittal, coronal, and axial 
dimensions, the clinician was able to understand the root anatomy and location of where to 
trough to locate MB2.  Canals are located symmetrically in roots, meaning that if a clinician sees 
the MB canal is towards the buccal aspect of the root, a MB2 canal is likely present on the 
lingual aspect of the MB root even if a MB2 is not definitively seen on the CBCT volume.  This 
finding suggests knowledge of how and where to trough for MB2 based on the CBCT image may 
be important, and could lead to conserving tooth structure while troughing for MB2.   
 While the knowledge of the anatomy of maxillary molars is critical, CBCT may be 
helpful in locating MB2 in some cases.  A review of the literature showed MB2 was present in 
59% of maxillary first molars using CBCT (26), which is a large discrepancy from the 86% of 
MB2 canals that were clinically located by the endodontic residents in this study.  Another 
search using scanning electron microscopy showed that MB2 was located in 90% of maxillary 
first molars and 70% of maxillary second molars (27), which is very close to the results that were 
obtained in our study.  The radiation dose may impact how distinct MB2 canals appear on the 
CBCT volume.  Clinicians are instructed to use a low dose of radiation to follow the ALARA (as 
low as reasonably achievable) principle.  Perhaps clinicians should follow ALADA (as low as 
diagnostically acceptable) to achieve better quality CBCT imaging.  By increasing the dose, 
clinicians could improve resolution, which may lead to a better visualization of MB2 canals in 
maxillary molars.  In this study the Carestream 9000 was used with a limited field of view and an 
effective dose of 9.8 micro Sieverts, which is equivalent to one day of background radiation (16).  
Voxel size may also play a role in visualizing MB2 on CBCT volumes.  A voxel represents a 
quantity of three-dimensional data.  CBCT detection of MB2 canals in an in vitro study showed 
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an increase from 60.1% at 0.4 mm voxel size to 93.3% at 0.125 mm voxel size (4).  The voxel 
size of the Carestream 9000 is .076 mm.  The Carestream 9000 has the smallest voxel size in the 
market currently.  Another popular CBCT unit in endodontics is the J. Morita Accuitomo 170 (J. 
Morita USA, Irvine, CA, USA), which has a voxel size of .08 mm. 
 In terms of the overall success in locating MB2 canals in maxillary molars, the 
endodontic residents in our study were consistent with a Stropko study where MB2 was located 
in 93% of maxillary first molars and 60% of maxillary second molars (21).  The residents in our 
study located MB2 in 90% of maxillary first molars and 73% of maxillary second molars in the 
fifty teeth.  It is important to note that there was faculty assistance in some of these cases, which 
could explain why the number of MB2 canals found in this in vivo study is on the higher side 
compared to previous studies (20, 28-30).  Another interesting finding showed that MB2 canals 
were located in 70% of teeth, without clinical troughing.  In other words, 70% of MB2 canals 
were located by using the dental operating microscope.  The anatomical location of MB2 is 
located slightly mesial to the imaginary line between the palatal and MB canal (31).  This routine 
step in accessing maxillary molars could significantly increase locating MB2 canals even 
amongst inexperienced practitioners.   
 With regards to the CBCT volumes, there was likely more scatter present with full 
coronal coverage restorations, which may have impacted the ability to visualize MB2 canals on 
the CBCT volumes.  In this study, 98% of MB2 canals were negotiated to working length.  This 
number may be increased compared to older studies due to the dental operating microscope and 
newer rotary file technology.  60% of MB2 canals joined MB1, which is consistent with previous 
studies where MB2 canals were less common in the apical third (32).   
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Conclusion 
 
 Within the limitations of this study, the results demonstrated that the use of the dental 
operating microscope yielded a high percentage of MB2 canals located in maxillary molars 
(70%).  The effectiveness of using CBCT to locate additional MB2 canals in maxillary molars 
appears limited.  A double blind prospective study directly comparing a group without CBCT to 
a group with CBCT is needed to positively distinguish if limited field of view CBCT volumes 
are beneficial in locating MB2 canals in maxillary molars. 
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MANUSCRIPT 2: CBCT AND OBSERVER EFFECTS IN DETECTING PERIAPICAL 
RADIOLUCENCIES
 
Introduction 
 
 CBCT is becoming an integral part of endodontic treatment.  The accurate interpretation 
of the three-dimensional volume is critical in identifying pathology correctly and consistently, 
which leads to proper treatment of patients.  While there are services available that have a dental 
radiologist interpret the volume, many clinicians interpret their patients CBCT volumes to avoid 
an extra financial cost.  It is imperative that the clinicians are up to the same standard of care as a 
dental radiologist if they are going to take on this responsibility.   
 CBCT detected periapical lesions in cases where traditional periapical radiography did 
not reveal a radiolucency (33), (34).  However, it was shown that the proportion of apical 
periodontitis that has been correctly diagnosed is higher using CBCT, while the specificity or 
proportion of healthy apical tissues correctly diagnosed by CBCT is relatively low (35).  In that 
study, 27% of teeth were diagnosed with apical periodontitis when there was no disease present 
via the use of CBCT volumes (35).   
 One issue of CBCT involves reading the scan and being aware of incidental 
radiolucencies that may appear (36).  CBCT scans show far more information than two-
dimensional images or panoramic images (37).  Many dental schools (89% in the U.S.) are 
teaching the use of CBCT imaging as part of their treatment planning (38).  With the large 
amount of subjects that need to be covered during the course of dental school, perhaps CBCT 
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needs to have more time and focus in the curriculum.  New practitioners may need additional 
training after dental school, and they are encouraged to take continuing education courses to stay 
current with this technology (39).  Without the proper training, practitioners may be providing an 
incorrect diagnosis by using CBCT imaging.   
 The role of experience was evaluated in this study by comparing the results between the 
three groups that had varying levels of experience to a “gold standard” that was established by 
two experienced dental radiologists.  This information determined the effect that the experience 
level had on the ability to accurately detect periapical radiolucencies in CBCT volumes. 
 
Materials and Methods  
 
 IRB approval was obtained at the University of North Carolina at Chapel Hill (14-0608).   
The same Kodak 9000 CBCT (Carestream Dental, Rochester, NY, USA) was used for all CBCT 
scans in this study.   The inclusion criteria for this study were patients in need of root canal 
treatment on maxillary first or second molars over the age of eighteen with an ASA classification 
of I or II.  The exclusion criteria were patients under the age of eighteen, an ASA classification 
of III or higher, or pregnant.   
 The CBCT volume of each maxillary molar was interpreted by three endodontic faculty, 
three endodontic residents, and three dental students.  The readers were randomly selected by 
picking the first 3 people in each group that were willing to participate.  The readers were then 
calibrated, blinded, and instructed to look for the presence or absence of periapical 
radiolucencies on limited field of view CBCT volumes.  The readers were able to view the entire 
CBCT volume in the axial, sagittal, and occlusal planes.  The same private radiology viewing 
room that was in a dark setting, free of outside distractions, and with current desktop computer 
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monitors was used for all viewings.  Readers rotated through the room viewing each monitor 
with the CBCT volume pre-loaded using the Carestream software.  The lights were kept off for 
all viewings and there was no time limit.  The readers’ responses were compared to the ground 
truth as determined by the “gold standard.”  The expert panel viewed the volumes under the 
same conditions as the endodontic faculty, endodontic residents, and dental students.  
 A periapical lesion was defined as a loss of lamina dura with a tear drop shaped 
radiolucency extending past the periodontal ligament space.  The observers were presented with 
one question with five answer options for each of the scans, each based on a five point Likert 
scale.  The answer options were as follows: 1= A lesion was definitely not present, 2= A lesion 
was probably not present, 3= Unsure, 4= A lesion was probably present, 5= A lesion was 
definitely present. 
 If disagreement occurred between the dental radiologists, then the volumes were re-
evaluated and they came to a consensus.  Volumes that were of poor diagnostic quality, as 
deemed by the experts, were eliminated from the study.  This study evaluated the effect that the 
experience level had on the ability to accurately detect periapical radiolucencies in CBCT 
volumes. 
 
Statistical Methods 
 
 A five point Likert scale was used to answer the question as to whether there was a 
periapical radiolucency present at the apices of the tooth undergoing root canal treatment in the 
CBCT volume.  The responses based on the Likert scale were then compared to the “gold 
standard,” and % agreement, weighted kappa, p value of weighted kappa, % discordances, and p 
value of McNemar statistics were calculated to determine which group performed better 
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interpreting if a periapical radiolucency was present at the apices of the tooth in the CBCT 
volumes. 
 The intra-rater reliability comparing viewing 1 and viewing 2 was determined for each 
group by calculating the % agreement, weighted kappa, p value of weighted kappa, % 
discordances, and p value of McNemar statistics.  SPSS version 17 (SPSS Inc, Chicago, IL) was 
used to calculate the statistics. 
 
Results 
 
 Table 3 shows the statistical values for % agreement, weighted kappa, p value of 
weighted kappa, % discordances, and p value of McNemar’s test for each group compared to the 
“gold standard.”  The average weighted kappa for endodontic faculty was .49, while endodontic 
residents and dental students had an average weighted kappa of .35 and .32 respectively.  Landis 
and Koch’s interpretation for kappa was used for analysis. 
 In Table 4, the intra-rater reliability comparing viewing 1 and viewing 2 for each group 
was shown.  All readers had p value of McNemar’s test that were not statistically significant.  
Faculty had the highest weighted kappa value with an average of .68, followed by residents that 
had an average weighted kappa value of .48, and then DDS students with an average weighted 
kappa value of .28. 
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TABLE 3: EXPERIENCE LEVEL COMPARED TO “GOLD STANDARD” FOR EACH 
GROUP 
TABLE 4: INTRA-RATER RELIABILITY COMPARING VIEWING 1 VS VIEWING 2 FOR 
EACH GROUP 
 
Experience 
Level 
% 
Agreement 
Weighted 
kappa 
P value 
weighted  
kappa 
% 
Discordance  
P value 
McNemar 
Endodontic 
Faculty 
88% .68 < .001 12% .583 
Endodontic 
Residents 
77% .48 < .001 23% .401 
DDS 
Students 
67% .28 .093 33% .502 
 
Discussion 
 
 In this study the two dental radiologists were consistent as the “gold standard.”  They 
decided to eliminate one CBCT volume due to poor image quality.  Overall, endodontic faculty 
had the highest agreement and weighted kappa values with the “gold standard.”  The endodontic 
resident group and the DDS student group had similar weighted kappa values with the “gold 
standard.”  The agreement beyond chance for endodontic faculty and endodontic residents was 
Experience 
Level 
% 
Agreement 
Weighted  
kappa 
P value 
weighted   
kappa 
% 
Discordance  
P value 
McNemar 
Endodontic 
Faculty 
80% .49 .003 20% .521 
Endodontic 
Residents 
74% .35 .029 27% .444 
DDS 
Students 
78% .32 .057 21% .791 
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moderate as indicated by statistically significant weighted kappa scores (Table 3).  All of the 
readers had a low percent of discordances. 
 The intra-rater reliability varied widely in this study.  Endodontic faculty were the most 
consistent, followed by the residents and then the DDS students.  The endodontic faculty and 
endodontic residents had p values of weighted kappa that were statistically significant, whereas 
the DDS students had a non-significant p value of weighted kappa.   
 In terms of agreement with the “gold standard,” all three groups with varying levels of 
experience fall into the moderate range with weighted kappa values ranging on average from .49 
to .32.  The statistics show that none of the groups regardless of their experience level were in 
the excellent range for weighted kappa.  This indicates that clinicians may not be as accurate as 
dental radiologists in their interpretation of periapical radiolucencies using CBCT.  Further 
training may be needed to avoid misreading CBCT volumes and incorrectly diagnosing apical 
periodontitis, which could lead to incorrect treatment for patients.   
 Endodontic faculty fell into the strong category for the weighted kappa in terms of intra-
rater reliability with a weighted kappa of .68.  This indicates that they were consistent with their 
answers between viewing 1 and viewing 2.  It is possible that their experience has enabled them 
to consistently evaluate CBCT volumes and identify possible pathology.  While they were not 
always in agreement with the “gold standard,” they were not changing their responses amongst 
viewing 1 and viewing 2.  The resident group fell into the category of moderate with a weighted 
kappa of .48.  They were relatively consistent with their answers in viewing 1 and viewing 2, but 
not as consistent as endodontic faculty.  DDS students fell into the category of fair, with a 
weighted kappa value of .28.  This indicates that DDS students were very inconsistent between 
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viewing 1 and viewing 2.  This may be due to lack of experience and confidence in using CBCT 
software and interpreting periapical radiolucencies.   
 Recent studies have shown success rates of RCT evaluated by CBCT to be significantly 
lower.  There was a 14 times increase in failure rate when teeth with no pre-operative periapical 
radiolucencies were assessed with CBCT compared to periapical radiographs at one year.  
Diagnosis using CBCT revealed a lower healed and healing rate for primary root canal treatment 
than periapical radiographs, particularly in roots of molars (40).  The follow-up time in the Patel 
study was only one year, which may mean healing had not taken place yet.  However, that study 
is relevant as both groups were being compared in this same time frame of one year.  Strindberg 
showed healing can take up to ten years and that there were more successes than failures evident 
at later follow-up times (41).  In another study, Kvist and Reit showed healing for nonsurgical 
retreatment endodontic cases that were followed-up for four years may have slower healing 
dynamics than surgical cases (42).  A different study evaluating healing of periapical 
radiolucencies after periapical microsurgery using two-dimensional imaging showed that 
incomplete healing (scar tissue) was present 2-6 years after surgery (43).  It is important to allow 
time after root canal treatment, retreatment, and surgery cases for periapical radiolucencies to 
heal, especially when using CBCT imaging to evaluate the healing.  As this study has shown, 
readers may not be in agreement with the “gold standard” in identifying periapical 
radiolucencies, and readers are often inconsistent with themselves in interpreting periapical 
radiolucencies.   
 After root canal therapy, it is necessary to recall the patient to determine healing.  If a 
preoperative CBCT image was taken, practitioners may consider taking a recall CBCT to 
compare the same type of imaging modality.  The use of a classification system to identify 
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periapical radiolucencies using CBCT allows practitioners to be consistent with each other and 
with themselves.  Estrela et al. classified periapical radiolucencies using a CBCT based on a six 
point system that measured the largest portion of the radiolucency (14).  In that study, periapical 
radiolucencies were identified in 40% of two-dimensional imaging and 61% of three-
dimensional CBCT volumes (14).  It is important that further treatment decisions are not based 
on a short-term analysis of a CBCT volume after root canal treatment as clinicians may be 
observing incomplete healing following root canal therapy.  
 
Conclusion 
 
 Endodontic faculty had the highest agreement with the “gold standard,” while endodontic 
residents and DDS students had similar agreement with the “gold standard.”  None of the three 
groups were considered to be in the excellent category in terms of the weighted kappa value in 
comparison to the “gold standard,” which indicates there is room for improvement in identifying 
periapical radiolucencies amongst clinicians of varying experience levels.  Only the endodontic 
faculty were in the strong category for weighted kappa when assessing intra-rater reliability.  The 
residents were in the moderate category, while the DDS students were fair.  DDS students were 
inconsistent in their responses between viewing 1 and viewing 2, and would likely benefit from 
additional CBCT software/interpretation training.  Until practitioners have a more elaborate 
training on this technology, an experienced reader should interpret their patient’s CBCT volumes 
to avoid potential misdiagnosis.  The experience level of the clinician plays a role in accurately 
and consistently identifying periapical radiolucencies in CBCT volumes. 
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THESIS SUMMARY 
 This thesis related to the AAE research priority to “address factors affecting success of 
endodontic treatment.”  Part 1 was designed to help clinicians determine if making a CBCT 
volume on a maxillary molar is warranted to aid in the location of MB2.  This study had not been 
performed before using CBCT scans in vivo.  The thesis was also relevant to the AAE research 
priority of “assessment of new technologies such as devices and materials.”  With the increasing 
popularity and use of CBCT in endodontics, clinicians need to ensure that they are using this 
technology only when it is necessary to benefit the patient.  There is a potential gap in 
knowledge of when to use CBCT in endodontics while respecting ALARA principles.  This 
study showed that experience and knowledge of the anatomy of maxillary molars using a dental 
operating microscope may be the over-riding factor in the attempt to locate MB2 canals.  While 
CBCT certainly has many beneficial uses, clinician experience, along with the use of a dental 
operating microscope are invaluable in locating MB2 canals in maxillary molars.  Clinicians 
need to be judicial in the use of CBCT imaging to aid them in locating MB2 canals.   
 Part 2 of this thesis determined the effect experience levels play in accurately interpreting 
limited field of view CBCT volumes for periapical radiolucencies.  None of the readers were in 
the excellent range compared to the “gold standard,” but endodontic faculty faired the best 
compared to endodontic residents and dental students.  The intra-rater reliability showed that 
dental students were very inconsistent in interpreting the CBCT volumes for periapical 
radiolucencies between the two separate viewings of the same volumes.  This is a big issue as
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 treatment plans are often based on these CBCT findings and patients may be undergoing 
unnecessary treatment due to false positive readings that inexperienced clinicians may see as a 
“periapical radiolucency” on a CBCT volume.  There is a need for more continuing education for 
practitioners who do choose to incorporate this technology in their practice of endodontics to 
know the appropriate uses and limitations of CBCT, as well as to improve their accuracy and 
consistency of detecting periapical radiolucencies.  Until such training is complete, it would be 
prudent for practitioners to have an experienced reader interpret their volumes to establish a 
definite diagnosis through this new technology.  Another interesting finding that needs further 
exploration is the “gold standard” assigning four out seven vital teeth as having periapical 
radiolucencies on their respective CBCT volumes.  It was previously thought using two 
dimensional imaging that a tooth had to be necrotic to have a “lesion.”  Now with the resolution 
and spatial relationships of CBCT, perhaps we can detect these smaller periapical radiolucencies 
in vital teeth at an early stage, which could possibly lead to a better outcome for the patient.   
 Stashenko described that the breakdown of periapical bone may be possible in vital pulps 
as a result of bacterial infection of the dental pulps, due to caries, trauma, or iatrogenic insult.  
Immediate type responses leading to the bony breakdown include increased vascular 
permeability due to vasodilation, as well as leukocyte extravasation, which are mediated by 
prostanoids, kinins, and neuropeptides.  Non-specific immune response includes 
polymorphonuclear and monocyte migration and activation and cytokine production.  
Interleukin-1 and prostaglandins have been described as mediators of periapical bone resorption 
(44).  The purpose of this breakdown is a defense mechanism to localize the infection within the 
confines of the root canal system (45). 
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 This thesis was a prospective in vivo clinical study, which has a higher level of evidence 
than past in vitro studies of similar subject matter.  This study was randomized, had clinically 
relevant goals, and had minimal bias (46).  One of the weaknesses of in vitro studies is that the 
results do not necessarily correspond to the circumstances that occur around a living organism.  
In vivo studies are better suited to have a clinical relevance as they take into account the effects 
of an experiment on living subjects.  The results of this in vivo study are able to make a stronger 
connection to treating patients in a clinical setting compared to past in vitro studies around the 
same subject matter. 
 Clinicians have high expectations that using CBCT will provide them with additional 
information and results.  It is indisputable that CBCT has changed the way that clinicians 
practice dentistry; however, these two projects indicate that there is still work to be done on the 
effectiveness of using CBCT.  Part 1 showed that CBCT may give some information on whether 
an MB2 was present, but ultimately the clinician must have knowledge of how to locate MB2 in 
a clinical setting for CBCT usage to be effective.  Part 2 showed that clinician experience level is 
important to determine the accuracy and consistency in interpreting CBCT volumes.  If clinicians 
are unable to correctly interpret CBCT volumes, then they may also be potentially unable to 
identify an MB2 canal or a periapical radiolucency on a CBCT volume.  The value of using 
CBCT is dependent on the abilities of clinicians using the technology, and this needs further 
exploration.    
 
  
 
  
31 
REFERENCES 
44. Stashenko P, Teles R, D'Souza R. Periapical inflammatory responses and their 
modulation. Critical reviews in oral biology and medicine : an official publication of the 
American Association of Oral Biologists. 1998;9(4):498-521. 
 
45. Stashenko P. Role of immune cytokines in the pathogenesis of periapical lesions. 
Endodontics & dental traumatology. 1990;6(3):89-96. 
 
46. Baumgardner KR. A review of key research design and statistical analysis issues. Oral 
surgery, oral medicine, oral pathology, oral radiology, and endodontics. 1997;84(5):550-
6. 
 
  
32 
APPENDIX A: PATIENT CONSENT FORM PART 1 
 
University of North Carolina at Chapel Hill 
Consent to Participate in a Research Study 
Adult Participants Patient 
 
Consent Form Version Date: June 1, 2014 
IRB Study # 14-0608 
 
Title of Study: CBCT Uses in Clinical Endodontics-Part 1: Effect of CBCT on the ability to 
locate MB2 in maxillary molars; Part 2: Specificity and Sensitivity of detecting periapical lesions 
using CBCT  
 
Principal Investigator: Jeffrey Parker, DMD 
Principal Investigator Department: Endodontics 
Principal Investigator Phone number: 412-606-6027 
Principal Investigator Email Address: jmp11@unc.edu  
 
Faculty Advisor: Peter Tawil 
Faculty Advisor Contact Information: peter_tawil@DENTISTRY.UNC.EDU 
Co-Investigators: Eric Rivera, DDS, MS 
         Andre Mol, DDS, MS 
 
 
_________________________________________________________________ 
 
What are some general things you should know about research studies? 
You are being asked to take part in a research study.  To join the study is voluntary. 
You may refuse to join, or you may withdraw your consent to be in the study, for any reason, 
without penalty. 
 
Research studies are designed to obtain new knowledge. This new information may help people 
in the future.   You may not receive any direct benefit from being in the research study. There 
also may be risks to being in research studies.  
 
Details about this study are discussed below.  It is important that you understand this information 
so that you can make an informed choice about being in this research study.  
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You will be given a copy of this consent form.  You should ask the researchers named above, or 
staff members who may assist them, any questions you have about this study at any time. 
 
What is the purpose of this study? 
The purpose of this research study is to determine if the use of a three-dimensional Cone Beam 
Computed Tomography (CBCT) scan is able to help the clinician locate a fourth canal in the 
maxillary molar tooth having root canal treatment.  Typically maxillary molars have 4 canals 
between 55%-93% of the time.  The fourth canal that is being referred to is often called the 
second mesial buccal canal or MB2 as it is located in the mesial root of the tooth if it is present.  
To achieve a disinfected canal system, it is important to locate, clean, and fill each canal in the 
tooth.  If we are not able to locate a fourth canal during the initial search, the CBCT scan may be 
helpful in determining if it is present or absent in the tooth, as well as the location that we may 
be able to locate the fourth canal. 
If a CBCT scan is made, the second part of the study will have interpreters of different 
experience levels read the volume to determine if a periapical lesion is present at the end of the 
roots on the tooth requiring root canal treatment.  These volumes will not have any patient 
information and will be viewed by dental radiologists, endodontic faculty, endodontic residents, 
and dental students. We will be looking to see if clinicians with more experience are more 
accurate in their assessment of the three-dimensional volume.   
 
You are being asked to be in the study because you are scheduled to have root canal treatment on 
a maxillary tooth. 
 
Are there any reasons you should not be in this study? 
You should not be in this study if you have allergic reactions to dental anesthetics or sulfites.  If 
you are please inform the Research Dentist. 
You should not be in this study if you are pregnant.  If you are please inform the Research 
Dentist. 
You should not be in this study if you have an uncontrolled systemic condition: such as diabetes 
mellitus, hypertension, tuberculosis, Cushing syndrome.  If you are please inform the Research 
Dentist. 
You should not be in this study if you are participating in another study that involves radiation 
within a one year period. 
 
How many people will take part in this study? 
There will be approximately 50 people in this research study. 
 
How long will your part in this study last? 
Your involvement in this study will consist of 2-3 appointments of 2-3 hours each to complete 
root canal treatment and obtain a three-dimensional CBCT volume if indicated.  If at any point 
you have a question or need to clarify some information, please call the Primary Investigator at: 
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412-606-6027.   
 
What will happen if you take part in the study? 
If it is determined by a clinician that you have a maxillary first molar that needs root canal 
treatment, and you qualify based on medical status, then you have the option to participate in this 
study.   
1st visit: You will undergo the standard procedures involved in having a root canal.  These 
procedures are not part of the research study and you would have these procedures even if you 
did not participate in the research study.  Initial exam will be performed and radiographs will be 
taken of the tooth to be treated.  Clinical testing will confirm if root canal treatment is needed.  If 
so, informed consent will be given along with details of the study.  Root canal treatment will 
occur with the same standard of care as any other root canal procedure.   
If the fourth canal (MB2) is not located after drilling to a pre-determined depth, a three-
dimensional CBCT volume will be made and you will be dismissed at this point.  This three-
dimensional CBCT is the only research procedure to be performed. Appointment time is 2-3 
hours. 
2nd visit: Routine root canal treatment will continue.  If the fourth canal (MB2) was seen on the 
three-dimensional volume, we will attempt to locate it by drilling deeper into the tooth.  We will 
record if we are able to locate the fourth canal or not, and also if we are able to clean the entire 
canal to the end of the root or not.  Root canal treatment will be finished and a core restoration 
will be placed.  You will need to see your dentist for a crown if necessary.  Appointment time is 
2-3 hours. 
If there are problems or concerns, you may contact Dr. Jeff Parker (Principle Investigator) to 
schedule and appointment to be evaluated at 412-606-6027 or by email: jmp11@email.unc.edu. 
What are the possible benefits from being in this study? 
Research is designed to benefit society by gaining new knowledge. The benefits to you from 
being in this study may be locating the fourth canal (MB2) to potentially increase the prognosis 
of the treatment.  
  
What are the possible risks or discomforts involved from being in this study? 
The only potential risk involved in this study is the radiation exposure from the three-
dimensional CBCT volume that will be performed if your dentist cannot locate a fourth canal in 
the maxillary molar tooth having root canal treatment.  The total radiation dose from this study is 
less than 1 mrem, which is equivalent to radiation everyone receives in one day of background 
radiation. 
 
There may be uncommon or previously unknown risks. You should report any problems to the 
researcher. 
Pregnancy tests will be done on all females who might be able to get pregnant at the start of the 
study and will be covered the researcher. 
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What if we learn about new findings or information during the study?  
You will be given any new information gained during the course of the study that might affect 
your willingness to continue your participation.  
 
How will information about you be protected? 
Every effort will be made to protect your privacy.  All information collected in this study will 
remain confidential and only those directly involved in the study will have access to this 
information.  All participants will be assigned numbers and all data collected will be stored 
electronically and will have a strong password for access. 
Participants will not be identified in any report or publication about this study. Although every 
effort will be made to keep research records private, there may be times when federal or state law 
requires the disclosure of such records, including personal information.  This is very unlikely, 
but if disclosure is ever required, UNC-Chapel Hill will take steps allowable by law to protect 
the privacy of personal information.  In some cases, your information in this research study could 
be reviewed by representatives of the University, research sponsors, or government agencies (for 
example, the FDA) for purposes such as quality control or safety. 
 
What will happen if you are injured by this research? 
All research involves a chance that something bad might happen to you.  This may include the 
risk of personal injury. In spite of all safety measures, you might develop a reaction or injury 
from being in this study. If such problems occur, the researchers will help you get medical care, 
but any costs for the medical care will be billed to you and/or your insurance company. The 
University of North Carolina at Chapel Hill has not set aside funds to pay you for any such 
reactions or injuries, or for the related medical care. You do not give up any of your legal rights 
by signing this form. 
 
What if you want to stop before your part in the study is complete? 
You can withdraw from this study at any time, without penalty.  The investigators also have the 
right to stop your participation at any time. This could be because you have had an unexpected 
reaction, or have failed to follow instructions, or because the entire study has been stopped. 
 
Will you receive anything for being in this study? 
No. Subsidy to you as an incentive to complete the proposed study will not be provided, 
regardless if you are insured or not. 
 
Will it cost you anything to be in this study? 
You will be responsible for paying for the root canal treatment fee in full before starting the 
procedure, as well as the fee for CBCT if it is made.  You are also responsible for parking and 
transportation and any other costs to come to pay for your treatment following root canal 
treatment. 
 
What if you have questions about this study? 
You have the right to ask, and have answered, any questions you may have about this research. If 
you have questions about the study (including payments), complaints, concerns, or if a research-
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related injury occurs, you should contact the researchers listed on the first page of this form. 
 
What if you have questions about your rights as a research participant? 
All research on human volunteers is reviewed by a committee that works to protect your rights 
and welfare.  If you have questions or concerns about your rights as a research subject, or if you 
would like to obtain information or offer input, you may contact the Institutional Review Board 
at 919-966-3113 or by email to IRB_subjects@unc.edu. 
 
Participant’s Agreement: 
 
I have read the information provided above.  I have asked all the questions I have at this time.  I 
voluntarily agree to participate in this research study. 
  
 
______________________________________________________ 
Signature of Research Participant 
 
____________________ 
Date 
 
______________________________________________________ 
Printed Name of Research Participant 
  
 
______________________________________________________ 
Signature of Research Team Member Obtaining Consent 
 
____________________ 
Date 
 
______________________________________________________ 
Printed Name of Research Team Member Obtaining Consent 
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APPENDIX B: CLINICIAN CONSENT FORM PART 2 
University of North Carolina at Chapel Hill 
Consent to Participate in a Research Study 
Adult Participants Clinician 
 
 
Consent Form Version Date: 6-24-14 
IRB Study # 14-0608 
Title of Study: CBCT Uses in Clinical Endodontics Part 1: Effect of CBCT on the ability to 
locate MB2 in maxillary molars. Part 2: Specificity and Sensitivity of detecting periapical lesions 
using CBCT.  
Principal Investigator: Jeffrey Parker 
Principal Investigator Department: Endodontics 
Principal Investigator Phone number: 412-606-6027 
Principal Investigator Email Address: jmp11@unc.edu  
Faculty Advisor: Peter Tawil 
Faculty Advisor Contact Information: 919-667-6051 
 
_________________________________________________________________ 
 
What are some general things you should know about research studies? 
You are being asked to take part in a research study.  To join the study is voluntary. 
You may refuse to join, or you may withdraw your consent to be in the study, for any reason, 
without penalty. 
 
Research studies are designed to obtain new knowledge. This new information may help people 
in the future.   You may not receive any direct benefit from being in the research study. There 
also may be risks to being in research studies. Deciding not to be in the study or leaving the 
study before it is done will not affect your relationship with the researcher, your health care 
provider, or the University of North Carolina-Chapel Hill. If you are a patient with an illness, 
you do not have to be in the research study in order to receive health care. 
 
Details about this study are discussed below.  It is important that you understand this information 
so that you can make an informed choice about being in this research study.  
 
You will be given a copy of this consent form.  You should ask the researchers named above, or 
staff members who may assist them, any questions you have about this study at any time. 
 
What is the purpose of this study? 
The purpose of this research study is to determine the specificity and sensitivity of detecting 
periapical lesions using CBCT, and to evaluate the importance of experience in terms of 
accurately interpreting a CBCT volume. 
 
 
You are being asked to be in the study because you are either a dental radiology faculty member, 
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an endodontic faculty member, an endodontic resident, or a dental student at UNC-CH School of 
Dentistry. 
 
Are there any reasons you should not be in this study? 
You should not be in this study if you are not in good standing with UNC-CH School of 
Dentistry. 
 
How many people will take part in this study? 
There will be approximately 11 people in this research study. 
 
How long will your part in this study last? 
The study will take one session and approximately one hour to complete.  
 
What will happen if you take part in the study? 
The CBCT volume of each maxillary first and second molar from Part 1 of the study will be 
interpreted by two dental radiologists, three endodontic faculty, three endodontic residents, and 
three dental students.  The readers will be able to view the entire CBCT volume.  In this study 
the dental radiologists will represent the “gold standard.”  The “gold standard” is composed of a 
panel of experts in the particular field being studied. The experts determine the ground truth for 
the study and the data obtained will be compared with what the experts believe to be true.   
 
The readers will answer the following question: Is there a periapical lesion present at the apices 
of tooth # X? 
 
1= A lesion is definitely not present  
2= A lesion is probably not present  
3= Unsure  
4= A lesion is probably present  
5= A lesion is definitely present  
What are the possible benefits from being in this study? 
Research is designed to benefit society by gaining new knowledge.  There is little chance you 
will benefit from being in this research study. 
  
What are the possible risks or discomforts involved from being in this study? 
There are no known risks involved with this study. 
There may be uncommon or previously unknown risks. You should report any problems to the 
researcher.   
 
What if we learn about new findings or information during the study?  
You will be given any new information gained during the course of the study that might affect 
your willingness to continue your participation.  
 
How will information about you be protected? 
Only those directly involved with this research study will be aware of the participants. 
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Participants will not be identified in any report or publication about this study. Although every 
effort will be made to keep research records private, there may be times when federal or state law 
requires the disclosure of such records, including personal information.  This is very unlikely, 
but if disclosure is ever required, UNC-Chapel Hill will take steps allowable by law to protect 
the privacy of personal information.  In some cases, your information in this research study could 
be reviewed by representatives of the University, research sponsors, or government agencies (for 
example, the FDA) for purposes such as quality control or safety. 
 
What will happen if you are injured by this research? 
All research involves a chance that something bad might happen to you.  This may include the 
risk of personal injury. In spite of all safety measures, you might develop a reaction or injury 
from being in this study. If such problems occur, the researchers will help you get medical care, 
but any costs for the medical care will be billed to you and/or your insurance company. The 
University of North Carolina at Chapel Hill has not set aside funds to pay you for any such 
reactions or injuries, or for the related medical care. You do not give up any of your legal rights 
by signing this form. 
 
What if you want to stop before your part in the study is complete? 
You can withdraw from this study at any time, without penalty.  The investigators also have the 
right to stop your participation at any time. This could be because you have had an unexpected 
reaction, or have failed to follow instructions, or because the entire study has been stopped. 
 
Will you receive anything for being in this study? 
No 
Will it cost you anything to be in this study? 
It will not cost you anything to be in this study.  
 
What if you are a UNC student? 
You may choose not to be in the study or to stop being in the study before it is over at any 
time.  This will not affect your class standing or grades at UNC-Chapel Hill.  You will not be 
offered or receive any special consideration if you take part in this research. 
 
What if you are a UNC employee? 
Taking part in this research is not a part of your University duties, and refusing will not affect 
your job.  You will not be offered or receive any special job-related consideration if you take part 
in this research. 
 
What if you have questions about this study? 
You have the right to ask, and have answered, any questions you may have about this research. If 
you have questions about the study (including payments), complaints, concerns, or if a research-
related injury occurs, you should contact the researchers listed on the first page of this form. 
 
What if you have questions about your rights as a research participant? 
All research on human volunteers is reviewed by a committee that works to protect your rights 
and welfare.  If you have questions or concerns about your rights as a research subject, or if you 
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would like to obtain information or offer input, you may contact the Institutional Review Board 
at 919-966-3113 or by email to IRB_subjects@unc.edu. 
 
Participant’s Agreement: 
 
I have read the information provided above.  I have asked all the questions I have at this time.  I 
voluntarily agree to participate in this research study. 
  
 
______________________________________________________ 
Signature of Research Participant 
 
____________________ 
Date 
 
______________________________________________________ 
Printed Name of Research Participant 
  
 
______________________________________________________ 
Signature of Research Team Member Obtaining Consent 
 
____________________ 
Date 
 
______________________________________________________ 
Printed Name of Research Team Member Obtaining Consent 
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APPENDIX C: IRB APPROVAL LETTER 
 
To: Jeffrey Parker 
Endodontics 
From: Biomedical IRB 
Approval Date: 8/28/2014 
Expiration Date of Approval: 7/27/2015 
RE: Notice of IRB Approval by Full Board Review 
Submission Type: Initial 
Study #: 14-0608 
Study Title: CBCT Uses in Clinical Endodontics Part 1: Effect of CBCT on the ability to locate 
MB2 in maxillary molars. Part 2: Specificity and Sensitivity of detecting periapical lesions using 
CBCT. 
This submission has been approved by the IRB for the period indicated. 
Study Description: 
Purpose: The first objective is to determine if the use of a Cone Beam Computed Tomography 
(CBCT) volume aids the clinician in locating more second mesial buccal canals (MB2) in 
maxillary molars during root canal treatment. The second objective is to determine the sensitivity 
and specificity of detecting periapical lesions using CBCT by comparing CBCT interpretations 
amongst different experienced CBCT readers. 
Participants: Patients needing root canal treatment on maxillary first molars. Endodontic faculty, 
endodontic residents, dental radiology faculty, dental students. 
Procedures (methods): For part 1, patients will have a CBCT volume made if initial searching for 
MB2 in maxillary molars using a microscope is unsuccessful. This will potentially aid in locating 
for MB2 canals. These same volumes will be used in part 2 of the study, which will involve a 
dental radiologist interpreting the volumes as the "gold standard." The experience levels we will 
be comparing in regards to identifying periapical lesions are dental students, endodontic faculty, 
and endodontic residents that are at UNC at Chapel Hill School of Dentistry. 
 
Regulatory and other findings: 
This approval includes a limited waiver of HIPAA authorization to identify potential subjects for 
recruitment into this research study, as allowed under 45 CFR 164.512. This temporary waiver 
provides access to protected health information (PHI) to confirm eligibility and facilitate initial 
contact, after which consent and HIPAA authorization will be sought when applicable. Access 
and use is limited to the minimum amount of PHI necessary to review eligibility criteria and to 
contact potential subjects. 
 
Investigator’s Responsibilities: 
Federal regulations require that all research be reviewed at least annually. It is the Principal 
Investigator’s responsibility to submit for renewal and obtain approval before the expiration date.  
You may not continue any research activity beyond the expiration date without IRB approval.  
Failure to receive approval for continuation before the expiration date will result in automatic 
termination of the approval for this study on the expiration date. 
Your approved consent forms and other documents are available online at 
http://apps.research.unc.edu/irb/irb_event.cfm?actn=info&irbid=14-0608. 
42 
You are required to obtain IRB approval for any changes to any aspect of this study before they 
can be implemented. Any unanticipated problem involving risks to subjects or others (including 
adverse events reportable under UNC-Chapel Hill policy) should be reported to the IRB using 
the web portal at http://irbis.unc.edu. 
Please be aware that approval may still be required from other relevant authorities or 
"gatekeepers" (e.g., school principals, facility directors, custodians of records). 
This study was reviewed in accordance with federal regulations governing human subjects 
research, including those found at 45 CFR 46 (Common Rule), 45 CFR 164 (HIPAA), 21 CFR 
50 & 56 (FDA), and 40 CFR 26 (EPA), where applicable. 
CC: Peter Tawil, Endodontics 
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APPENDIX D: TABLES 
Table 1: Descriptive statistics part 1 
 
Clinical findings Results Percentage 
MB2 canals located overall 43/50 86% 
MB2 canals located without CBCT 35/50 70% 
MB2 canals located overall maxillary first molars 36/40 90% 
MB2 canals located overall maxillary second molars 7/10 70% 
MB2 seen on CBCT volume 5/15 33% 
MB2 canals seen on volume AND located 5/5 100% 
MB2 canals NOT seen on volume 11/15 73% 
MB2 canals not seen on volume AND located 3/15 20% 
MB2 canals located after CBCT 8/15 53% 
MB2 canals joined MB1 canals 25/43 58% 
MB2 canals negotiated 42/43 98% 
 
Table 2: MB2 canals located according to coronal restoration present at time of endodontic 
access preparation and age (< or > 50 years old) 
MB2 canals located 
 
Full coverage 
restoration 
<50 years old: 3/3 
(100%) 
 
11/13 (85%) 
 
 
 
43/50 (86%) 
>50 years old: 8/10 
(80%) 
 
Without full 
coverage restoration 
<50 years old: 20/23 
(87%) 
 
32/37 (86%) 
>50 years old: 12/14 
(86%) 
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Table 3: Pulp vitality as determined upon endodontic access.  7/22 teeth were deemed to have 
vital pulps upon access, and 4/7 of these vital teeth were determined by the “gold standard” to 
have periapical radiolucencies. 
 
 
Subject Vital (yes/no) Lesion according to “gold 
standard” (yes/no) 
1 yes no 
2 no no 
3 no yes 
4 no yes 
5 no no 
6 no no 
7 no yes 
8 no yes 
9 yes yes 
10 yes no 
11 no yes 
12 yes no 
13 no yes 
14 no yes 
15 yes yes 
16 no yes 
17 no yes 
18 no yes 
19 yes yes 
20 no yes 
21 yes yes 
22 no yes 
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Appendix E: FIGURES 
Figure 1: Calcium hydroxide powder (Sultan Healthcare Inc., Hackensack, NJ, USA) 
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Figure 2: Yellow teflon tape (LA-CO Industries Inc., Elk Grove Village, IL, USA) 
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Figure 3: Pulp Shaper bur (Dentsply, York, PA, USA) 
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Figure 4: Munce discovery burs (CJM Engineering Inc., Santa Barbara, CA, USA) 
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Figure 5: Endodontic resident attempting to locate MB2 in tooth #14 
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Figure 6: Carestream 9000 CBCT machine 
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Figure 7: CBCT of tooth #15 with a vital pulp upon access.  A periapical radiolucency is seen on 
the MB root 
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Figure 8: CBCT viewing room for part 2 
 
 
                      
